ABSTRACT: Viral diseases represent a serious problem in Atlantic salmon (Salmo salar L.) farming in Norway. Pancreas disease (PD) caused by salmonid alphavirus (SAV) and heart and skeletal muscle inflammation (HSMI) caused by piscine orthoreovirus (PRV) are among the most frequently diagnosed viral diseases in recent years. The possible spread of viruses from salmon farms to wild fish is a major public concern. Sea trout S. trutta collected from the major farming areas along the Norwegian coast are likely to have been exposed to SAV and PRV from farms with disease outbreaks. We examined 843 sea trout from 4 counties in Norway for SAV and PRV infections. We did not detect SAV in any of the tested fish, although significant numbers of the trout were caught in areas with frequent PD outbreaks. Low levels of PRV were detected in 1.3% of the sea trout. PRV-infected sea trout were caught in both salmon farming and non-farming areas, so the occurrence of infections was not associated with farming intensity or HSMI cases. Our results suggest that SAV and PRV infections are uncommon in wild sea trout. Hence, we found no evidence that sea trout are at risk from SAV or PRV released from salmon farms.
INTRODUCTION
Viral diseases represent a major problem in Atlantic salmon Salmo salar L. farming in Norway, with 400 to 500 reported cases annually (Hjeltnes et al. 2016 ). There are increased public concerns that diseases in salmon farming may have a negative impact on wild salmonid stocks. Most diseases in Norwegian salmon farming are believed to be enzootic and to originate from wild fish, but today farmed fish populations are likely to represent the main reservoirs. Little is known about the spread of viruses from fish farms to wild salmonid populations. Disease outbreaks in farms may lead to substantially increased infection pressure on local wild fish. Exposed susceptible hosts may therefore show elevated pathogen prevalence and potentially develop disease. It is challenging to evaluate the impact of diseases in wild stocks since we are normally able to collect only infected but non-diseased fish (McVicar 1997) . Such fish may be recently infected or have survived an infection and become carriers.
Anadromous sea trout S. trutta L. migrate between river and seawater during their lifecycle. During summer, most sea trout feed in sea areas that are close to their river of origin. Therefore, sea trout in coastal areas with intensive fish farming may be exposed to pathogens spread from disease outbreaks among farmed salmonids. The abundance of sea lice on sea trout has been used to evaluate the local and regional infection pressure from fish farming (Bjørn et al. 2011 , Serra-Llinares et al. 2014 . The occur-rence of other pathogens originating in fish farms could also be used as an indicator of infection pressure in an area, if sea trout are susceptible.
Pancreas disease (PD), caused by salmonid alphavirus (SAV), is a major health problem in Norwegian salmon farming, with 89 to 142 annually registered cases between 2011 and 2015 (Olsen & Taksdal 2016) . Two subtypes of SAV occur in Norway, namely SAV3 and the more recently detected SAV2 (Hjortaas et al. 2013) . Most of the disease cases due to SAV3 occur in the western part of the country (especially in the county of Hordaland), while SAV2 cases are mostly restricted to an area in central Norway (Møre og Romsdal, Trøndelag). PD is uncommon in northern Norway. Another viral disease, heart and skeletal muscle inflammation (HSMI), is caused by piscine ortho reovirus (PRV). HSMI is an increasing problem in fish farming in Norway, with 134 to 181 cases registered annually between 2011 and 2015 (Alarcon et al. 2016 ). In the current study, we investigated the occurrence of both SAV and PRV in wild sea trout captured from different Norwegian coastal areas with different farming intensities and disease outbreak frequencies.
MATERIALS AND METHODS
In total, 843 sea trout were caught using gill nets and fish traps at 10 different sea sites (A−J) in the counties of Finnmark, Sogn og Fjordane, Rogaland and Hordaland (Fig. 1) . The fish used in the current survey were collected as part of the national salmon lice monitoring programme (Serra-Llinares et al. 2014) . Sea trout were collected from all 4 counties in 2012 and from only 2 counties (Hordaland and Rogaland) in 2011 and 2013 (Table 1 ). The fish were caught in the period May to September and stored in individual plastic bags on ice. Length and weight of each fish were recorded on the same day, prior to storage at −20°C. At necropsy, a tissue sample from heart (ventricle) was aseptically taken from each trout while still frozen and transferred frozen to tubes on dry ice. The heart samples were sent packed in dry ice to an accredited commercial laboratory (PatoGen Analyse AS) for virus testing. The presence of SAV and PRV was determined by PatoGen using their in-house real-time RT-PCR assays. In brief, an SAV assay developed by Hodneland & Endresen (2006) was used, targeting the nsP1 gene. This assay detects both SAV2 and SAV3, the subtypes occurring in Norway (Hjortaas et al. 2013 ). The PRV assay used was as described by Glover et al. (2013) , based on sequences published by Palacios et al. (2010) . Samples with a cycle-threshold (C t ) value below 37.0 were considered positive.
Scales from selected groups of trout were used to determine river-age (parr) and sea-age. After thawing, each fish was visually inspected for external or internal lesions or signs of disease, and the sex was recorded.
RESULTS AND DISCUSSION
The objective of the current study was to investigate the potential effect of fish farming on the occurrence of SAV and PRV infections in wild sea trout. (See Table 1 for site names)
Sea trout were collected from 3 counties (Sogn og Fjordane, Hordaland and Rogaland) where PD is enzootic and 1 county (Finnmark) where PD is rarely diagnosed (Olsen & Taksdal 2016) . However, both PRV infections and HSMI outbreaks are common in salmon farms in all 4 counties included in the study (Løvoll et al. 2012 , Alarcon et al. 2016 ).
The average weight and fork length of the collected sea trout was 245 g (range 16−3116 g) and 25 cm (range 12−63 cm), respectively. Among the 843 tested sea trout, 440 (52%) were females.
We were not able to detect SAV in any sea trout. Significant numbers of the tested fish were caught in areas where SAV3 is enzootic with frequent outbreaks of PD (e.g. 46, 51 and 28 PD cases were registered in Hordaland in the years 2011, 2012 and 2013, respectively) . Because the PCR assay that we used is highly sensitive and specific (Hodneland & Endresen 2006) , it is unlikely that we were unable to detect SAV infection in carrier sea trout. Urquhart et al. (2010) analysed 300 Scottish sea trout without detecting SAV, and Graham (2005) tested sera from 42 wild salmonids from Norway and failed to detect SAV or neutralizing antibodies. Furthermore, SAV was not detected in any of 120 sea trout tested in the Norwegian monitoring programme for brood fish during the period 2012 to 2014 (Garseth et al. 2015) . However, there are claims that SAV infections have been detected in a few trout caught in rivers in western Norway (A. Nylund, University of Bergen, unpubl.; cited by Graham 2007) .
Using pathogen prevalence in wild fish as an indicator of infection pressure has its limitations (McVicar 1997) . Virulent pathogens may cause disease, rendering the host less catchable, or more prone to predation. However, Boucher et al. (1995) showed that injection of PD virus in brown trout did not cause serious disease, and the species was less susceptible to the virus than rainbow trout and Atlantic salmon. That study therefore suggests that SAV is less virulent in sea trout compared to salmon and rainbow trout. Hence, we should be able to detect SAV infections in sea trout if they were common. However, the current and the previously published results suggest that sea trout is rarely infected with SAV. It is consequently unlikely that this species plays a role as a reservoir of the virus in Norwegian coastal waters. However, bath-challenge studies in trout mimicking the natural route of SAV infection are needed to confirm the apparent resistance of the host.
PRV was detected in 11 of the 843 sea trout (1.3%; Table 1 ). The C t values ranged from 34.0 to 36.9, indicating a very low amount of virus present. All positive sea trout were caught at 2 sites in Rogaland county (Forsand and Hellvik). Additionally, all positive fish except 1 (10 of 11) were caught in 2011. Prevalence at Forsand and Hellvik in 2011 was 10 and 23%, respectively. The infected fish were collected in May and June (weeks 21 and 24; Table 2 ).
In Rogaland county, the fish were captured from 3 sites: Forsand, Hellvik, and Nedstrand (Fig. 2) . Hell vik is located in an open coastal area with no salmon farming activities and hence may be considered a control area with respect to pathogen transmission from salmon farms. On the other hand, Forsand and Nedstrand areas are located in the inner part of Boknafjord system with high numbers of salmon farms and frequent cases of both PD and HSMI (Hjeltnes et al. 2016 ). There were 7, 7 and 13 registered HSMI cases in Rogaland in 2011 , 2012 of the 11 PRV-positive trout were collected in the non-farming area (Hellvik). Hence, we found no evidence for an influence from salmon farming on PRV prevalence in the trout. Garseth et al. (2013b) and Marty et al. (2015) found no association between the occurrence of PRV infections in wild salmonids and the number of HSMI cases or salmon farming activities. Our analyses did not reveal any association between PRV occurrence and weight, length, sex or sampling time of year. Older fish could be expected to show a higher prevalence of PRV due to increased probability of exposure, but our data showed no evidence for an effect of river-or sea-age. The higher prevalence of PRV in the Forsand and Hellvik areas in 2011 compared to 2012 or other sampling sites cannot be explained. However, Garseth et al. (2013b) screened some sea trout sampled between 2007 and 2010 for PRV, and also detected infections only in a particular year (2008) albeit in 3 different rivers. In that study, the overall prevalence (2007−2010) was also low (3%, 4 of 133 fish).
In the present study, the very low virus concentration (indicated by high C t values) made it difficult to sequence the virus to determine its genotype. Garseth et al. (2013a) were able to genotype the virus from 1 of the 4 infected trout. It belonged to genogroup 1, the most common PRV type in farmed and wild Atlantic salmon in Norway. Hence that infection could possibly be due to virus of farm origin. However, salmonids may also contract PRV infections in fresh water: Indeed, PRV was detected in salmon parr from Norwegian rivers (A. S. Madhun unpubl. results).
Highly virulent pathogens may show low prevalence in wild populations, due to high mortality among infected individuals. No challenge experiments have been performed with PRV in trout. However, PRV infections are ubiquitous in farmed Atlantic salmon (Løvoll et al. 2012) , common in escaped farmed salmon (Garseth et al. 2013b and are widespread in wild salmon (Garseth et al. 2013b . High concentrations of the virus have been detected in apparently healthy farmed and wild salmonids without the histopathological changes observed in HSMI (Garseth et al. 2013b , Marty et al. 2015 . This suggests that PRV infection may be a prerequisite for HSMI, but additional factors may be needed for the disease to develop. Therefore, it is very unlikely that the low PRV prevalence observed in the seat trout examined to date (Garseth et al. 2013b , this study) is due to high mortality of infected fish. However, a bath-challenge study with PRV in trout is much needed in order to clarify the susceptibility of this species.
The results from the current study show that SAV and PRV infections are uncommon in wild sea trout, and the evidence gathered so far suggests that the species is unlikely to be significantly affected by the spread of these viruses from salmon farms. 
